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Why	  invesLgate	  MKIDs	  for	  CMB	  Studies?	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•  High	  mul)plexing	  factors	  make	  them	  parLcularly	  suitable	  for	  instruments	  
with	  10,000	  or	  more	  detectors	  (CMB-­‐S4,	  for	  example).	  
•  No	  membranes	  are	  required	  and	  arrays	  can	  be	  made	  with	  a	  comapraLvely	  
small	  number	  of	  	  processing	  steps.	  	  FabricaLon	  in	  commercial	  foundries	  is	  
possible.	  	  
•  Fast	  )me	  constants	  (~100	  µs)	  provide	  a	  lot	  of	  bandwidth	  for	  modulaLon	  
schemes	  –	  like	  half-­‐wave	  plate	  modulaLon	  –	  and	  they	  help	  with	  cosmic	  ray	  
hits.	  
•  Low	  power	  consump)on	  readout	  (~20	  waXs)	  is	  commercially	  available.	  	  
Required	  LNAs	  are	  available.	  Required	  ﬁrmware	  is	  open-­‐source.	  
But	  is	  the	  sensi)vity	  and	  1/f	  noise	  suitable?	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Result:	  Measured	  LEKID	  Noise	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2)	  low	  1/f	  
noise	  
1)	  low	  NET	  
3)	  lots	  of	  bandwidth	   4	  K	  beam-­‐ﬁlling	  load	  
150	  GHz	  















Circuit	  SchemaLc	  for	  One	  LEKID	  
Pixel	  Design	  






















Prototype	  Array	  Design	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3 x 3 array








Photograph	  of	  Prototype	  Array	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•  Arrays	  fabricated	  on	  av100	  mm	  
ﬂoat	  zone	  silicon	  wafer	  300	  
microns	  thick.	  
•  Devices	  processed	  from	  one	  
aluminum	  ﬁlm	  20	  nm	  thick.	  
•  Contact	  lithography	  used	  -­‐-­‐	  one	  
mask	  required.	  
•  Commercially	  fabricated	  at	  STAR	  
Cryoelectronics	  (~$2k	  per	  wafer)	  
•  Processing	  took	  ~1	  week.	  
•  Plan	  was	  to	  fabricate	  and	  test	  1	  
wafer	  per	  month	  for	  two	  years.	  
•  Paper	  describes	  results	  from	  ﬁrst	  
wafer.	   yield	  >	  90%	  
Photograph	  of	  Single	  LEKID	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coupling	  
capacitor	  
Cross	  SecLon	  of	  Detector	  Package	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millimeter-­‐wave	  light	  enters	  the	  horn	  
LEKIDs	  mounted	  at	  exit	  aperture	  
Prototype	  Array	  in	  Detector	  Package	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Prototype	  Array	  in	  Detector	  Package	  







frame	  holds	  the	  chip	  in	  place	   springs	  provide	  force	  and	  
improve	  thermal	  conducLvity	  
duroid	  boards	  connect	  probe	  tones	  to	  the	  array	  
Prototype	  Array	  in	  Detector	  Package	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low-­‐pass	  ﬁlter	  from	  
Peter	  Ade	  &	  Co.	  
Detector	  Array	  Development	  Plan	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2317	  horns/single-­‐pol	  detectors	  
4634	  dual-­‐pol	  detectors	  
start	  with	  scalable,	  20-­‐element	  
prototype	  module	  
SKIP:	  Johnson	  et	  al.	  (2013)	  J.	  Low	  Temp.	  Phys.	  
GLP:	  Araujo	  et	  al	  .	  (2014)	  Proc.	  SPIE	  
SKIP	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Johnson	  et	  al.	  (2013)	  J.	  Low	  Temp.	  Phys.	  
The	  Greenland	  LEKID	  Polarimeter	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Araujo	  et	  al	  .	  (2014)	  Proc.	  SPIE	  
STAR	  Cryo	  DRC-­‐102	  ADR	  Cryostat	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vacuum	  jacket,	  radiaLon	  shields	  oﬀ	  fully	  assembled	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STAR	  Cryo	  DRC-­‐102	  ADR	  Cryostat	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Star	  Cryo	  DRC-­‐102	  ADR	  Cryostat	  System	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OpLcal	  Test	  Setup	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LEKID	  Readout	  




ROACH-­‐I	  and	  ADC/DAC	   analog	  circuit	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ROACH	  available	  from	  Digicomm	  
FPGA	  donated	  by	  Xilinx	  
components	  from	  Mini	  Circuits	  
Niobium-­‐Titanium	  Coax	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hXp://www.coax.co.jp/	  
Cryogenic	  SiGe	  Low-­‐Noise	  Ampliﬁer	  
23	  
!
Parameter @1.5V, 7.5mA Bias @2.5V, 22mA Bias 
Noise Temperature < 5K < 4K 
Gain = -20 log|S21| 29 +/- 1.5 dB 34 +/- 2 dB 
IRL = -20 log|S11| > 10 > 10 
ORL = -20log|S22| > 15 > 13 
Gain Compression, Output P1dB -14 dBm -4 dBm 
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Do	  the	  resonantors	  perform	  as	  expected?	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Bath	  temperature	  sweeps	  for	  a	  single	  resonator.	  The	  resonant	  frequency	  at	  200	  
mK	  is	  86.31195	  MHz,	  and	  the	  probe	  power	  used	  was	  −111	  dBm.	  The	  plot	  in	  panel	  
(a)	  shows	  the	  inverse	  internal	  quality	  factor,	  and	  the	  plot	  in	  panel	  (b)	  shows	  
measurements	  of	  the	  fracLonal	  frequency	  change.	  	  Joint	  ﬁts	  to	  the	  data	  for	  three	  
models	  are	  ploXed:	  Mams-­‐Bardeen	  theory	  alone	  (solid	  green),	  M-­‐B	  with	  
temperature-­‐dependent	  TLS	  loss	  (dashed	  red),	  and	  M-­‐B	  with	  a	  ﬁxed	  loss	  term	  
(doXed	  black)	  .	  
Measured	  Resonances	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Resonance	  sweeps	  of	  a	  single	  resonator	  with	  changing	  opLcal	  load.	  The	  dots	  are	  
measured	  points	  and	  the	  lines	  are	  ﬁts.	  The	  resonant	  frequency	  at	  200	  mK	  is	  86.31195	  
MHz.	  For	  these	  measurements	  the	  bath	  temperature	  was	  200	  mK.	  The	  measurement	  
labeled	  0.2	  K	  was	  taken	  a	  the	  dark	  conﬁguraLon.	  
Measured	  LEKID	  Responsivity	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The	  measured	  frequency	  response	  has	  a	  slope	  of	  approximately	  40	  ppm/K.	  
This	  fracLonal	  responsivity	  is	  seen	  consistently	  across	  all	  resonators.	  The	  
solid	  green	  line	  shows	  the	  expected	  response.	  
Result:	  Measured	  LEKID	  Noise	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2)	  low	  1/f	  
noise	  
1)	  low	  NET	  
3)	  lots	  of	  bandwidth	   4	  K	  beam-­‐ﬁlling	  load	  
Measured	  Detector	  Noise	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Future	  Work	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MKID	  Noise	  Sources	  
1/15/15	   MKIDs	  for	  CMB	  Studies	  -­‐-­‐	  Brad	  Johnson	  -­‐-­‐	  McCarrick	  et	  al.	  (2014)	  Rev.	  Sci.	  Inst.	   33	  



















Mauskopf et al. (2014)
Future	  TesLng	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millimeter-­‐wave	  source	  
opLcs	  box	  
